Introduction
Salicylic acid is one of the active pharmaceutical ingredients (API) which is utilized in medical skin care, food preservative and an antiseptic in toothpaste. However, bioavailability and therapeutic applications of this API were hindered due to its low water solubility. 1 Recently, some strategies have been proposed to increase the its bioavailability. One of these approaches is the combination of this API with the third generation of ionic liquids (IL) namely API-IL. 2, 3 Compared to the solid pharmaceutical form of API, this form presents the improved characteristics such as the higher solubility, stability, and permeability due to its hydrophophilicity and hydrophobicity natures. [4] [5] [6] [7] In the literature, variety of API-ILs were synthesized for special applications. For example, 1-butyl-3-methylimidazolium ibuprofenate and salicylate are proposed as new gels for drug delivery. 8, 9 Thermophysical studies of the mixtures containing pharmaceutically active ionic liquid form and biomolecules such as proteins can provide useful information in regard with the interactions occurring in these systems and also able us to design and improve the biotechnological processes. [10] [11] [12] The scope of this work is to study the interactions of amino acids as units of proteins and API-ILs. 13, 14 In this respect, the thermophysical properties including the volumetric and transport properties of amino acids in the presence of API-IL give us the useful information about the solute-solvent and solute-solute interactions in these systems. In the literature, there are some reports in regard with the thermodynamic properties of the mixtures consisting of amino acids and the first generation of ionic liquids in the aqueous media at different temperatures. [15] [16] [17] [18] [19] [20] In our previous papers, thermodynamic properties of the mixtures containing the active pharmaceutical ingredient in the ionic liquids form (API-ILs), 1-(butyl or hexyl or octyl)-3-methylimidazolium salicylate and ibuprofenate and amino acids such as glycine or L-alanine in aqueous media have been studied. According to these papers, the ion-polar and polar-polar interactions between these amino acid and API-IL are dominant. [20] [21] [22] [23] [24] [25] 
A B S T R A C T

Background:
The thermophysical properties of 1-octyl-3-methylimidazolium salicylate as an active pharmaceutical ingredient based on ionic liquid have been investigated in the presence of aqueous solutions of glycine. Therefore, the scope of this article was to determine these properties by measuring the densities, speeds of sound, viscosities, electrical conductances and refractive indices for ternary (glycine + 1-octyl-3-methylimidazolium salicylate + water) soloutions at T = 298.15 K. Methods: A commercial density and speed of sound measurement apparatus was used to measure the density and speed of sound data. Viscosities, electrical conductivities and refractive indices of the studied solutions were measured using digital viscometer, conductivity meter and refractometer, respectively. 

, ion association constants (KA) and molar refraction RD were determined to investigate the solutesolute and solute-solvent interactions in these systems.
Materials and Methods
Reagents
The origin, purity and analysis method of the utilized chemicals are listed in Table 1 . The mass fractions of water in glycine and ionic liquid 1-octyl-3-methylimidazolium salicylate analyzed by Karl-Fischer titrator (Metrohm 756 KF) were approximately 0.003, and 0.001 in mass fractions, respectively. The water contents of the synthesized ionic liquid and glycine were taken into account in the calculations. The bidistilled deionized water with a specific conductivity less than 1 μS cm -1 at 298.15 K was utilized. In the ternary solutions, (water + API-IL) solutions have been used as solvent.
Synthesis of ionic liquid
To synthesize the API-IL, 1-octyl-3-methylimidazolium salicylate, [OMIm] [Sal], the ionic liquid 1-octyl-3-methylimidazolium chloride [OMIm] [Cl] and sodium salicylate are required. The ionic liquid, 1-octyl-3-methylimidazolium chloride was synthesized and purified as described in the literature. 26, 27 The 1 HNMR spectrum of the synthesized ionic liquid was in good agreement with the literature 26 and confirmed the absence of any significant impurities. The purity of prepared ionic liquid was 0.98 in mass fraction. The ionic liquid 1-octyl-3-methylimidazolium salicylate [OMIm] [Sal], was synthesized by dissolving (0.4 mol) sodium salicylate in dried acetonitrile and adding slowly to (0.4 mol) [OMIm] [Cl] which is dissolved in a minimum amount of dried acetonitrile. The next step the resulting mixture was stirred overnight at room temperature. After that, to extract the water in the mixture, a rotary evaporator at 350 K and reduced pressure was used. The resulting mixture was subsequently dissolved in a large amount of dichloromethane to observe white precipitate containing sodium chloride. The white precipitate was then filtered and this process was continued until no white solid observed with the addition of dichloromethane. 23, 25 The silver test confirmed the lack of sodium chloride. The obtained product (a yellowish solid) was further evaporated at 343.15 K by rotary evaporator. 26 The Figure 1 . 
Apparatus and procedure
To prepare the solutions in molality concentration, an analytical balance (Shimadzu, 321-34553, Japan) with a precision of ±1 × 10 -7 kg was utilized. The density (d) and speed of sound (u) for the studied solutions were simultaneously measured under atmospheric pressure (≈ 85 kPa) using a commercial density and speed of sound measurement apparatus (Anton Paar DSA 5000) at the approximate frequency of 3 MHz. For calibrating the instrument, distilled deionized and degassed water as well as dry air were utilized. 28 Due to sensitivity of the density and speed of sound values to temperature, the Peltier thermostat embedded in densitometer was applied for controlling the temperature within ±10 -3 K. Viscosities of the studied solutions were measured using an Anton Paar Rolling-ball, viscometer Lovis 2000 M/ME. Due to sensitivity of viscosity values to temperature, the temperature was kept constant within ± 0.005 K using the Peltier technique built in the thermostat. The uncertainty of the viscosity measurements was about 0.015 mPas. Electrical conductivities κ were measured by a conductivity meter (Metrohm model 712, Switzerland) with the accuracy of ± 0.5%. The instrument was calibrated using the specific electrical conductivities of the KCl solution with 0.01 molality. The κ values were measured by adding the weighed drop of pure API-IL into the cell container of the conductivity meter with 60 mL capacity which was stirring using a magnetic stirrer. The temperature was fixed by circulation of water from thermostatically adjusted bath around the cell with an uncertainty ± 0.02 K. The molar conductivity (Λ) values of the solutions were computed using the relation, 
Results and Discussion
Volumetric properties
To investigate the interactions present in aqueous (glycine + ionic liquid, 1-octyl-3-methylimidazolium salicylate) solutions, density data for these mixtures have been measured at different molalities of [OMIm] [Sal] (see Table 2 ). The apparent molar volumes (  V ) for glycine in presence of studied AP-IL were computed according to the following equation: 
, speed of sound u (u) = 0.5 m·s Table 3 .
To evaluate the hydration behavior of glycine in the studied system originated from the solute-solvent interactions, the following equation was used: 
is the molar volume of the crystal which was computed using the densities of the amino acid (crystal form) supposed by Berlin and Pallansch at 298.15 K. 32 The calculated nH values for glycine in presence of studied ionic liquid are given in Table 3 . In our previous article, the value of 2.56 was reported for nH of glycine in water at T= 298.15 K (computed with the same method). 21 The 
The data for 0  V values of glycine in water were taken from our earlier published data. 21 The results showed that This phenomenon suggested that attractive interactions between the zwitterionic center of glycine and the ions of [OMIm] [Sal] were stronger than the interactions between glycine and water, therefore water molecules were released from the hydration layer to the bulk. Figure 3 . As shown in Table 2 and Figure 3 and glycine lead to the increase in the compressibility of the medium. 35, 36 The partial molar isentropic compressibility of transfer from water to the aqueous ionic liquid solutions has been computed as follows:
The data for 36 In fact more water molecules are released from the hydration layer surrounding glycine to the bulk due to strong attractive interaction between glycine and ions of [OMIm] [Sal], and this made the solution difficult to compress. These results were in agreement with the ones obtained from the volumetric properties discussed above.
Pair and triplet interaction coefficients
The McMillar Mayer theory 35, 37 of solutions can be used to express partial molar volume of transfer and partial molar isentropic compressibility of transfer through the following equation: (12) where A denotes amino acid, B represents ionic liquid and mB is the molality of ionic liquid. In the above relation (VAB, κAB) and (VABB, κABB) are the paired and triplet volumetric and compressibility interaction parameters, respectively. The results presented in Table 3 show that the estimated VAB and κAB are positive, while VABB and κABB are negative for the studied systems. The positive values of VAB and κAB indicate that the interactions between API-IL and glycine in aqueous media were mainly pairwise. 
coefficients (in water)
Eq. (15) The value of 0.135 dm 3 mol -1 is reported for viscosity Bcoefficients values of glycine in water at T = 298.15 K. 21 The results show that the viscosity B-coefficients in ternary solutions, have larger values compared to their corresponding values in binary solutions, so it was concluded that the attractive interactions between glycine and ionic liquid are stronger compared to attractive glycine-water interactions. In addition, 
Conductometric properties
Conductometric study was another appropriate approach to investigate the possible interactions in these systems. In this respect, the molar conductivity data for Table 4 and shown in Figure 5 . As can be seen in Table 4 and Figure 5 , by increasing the API-IL concentrations, Λ values decreased due to ionic atmosphere effects. In fact, in more concentrated solutions, the ion pairing is the reason for decrease in molar conductivities. The experimental data were analyzed using the low concentration Chemical Model (lcCM) by the following set of equations: in which, Λ0 is the molar conductivity at infinite dilution, (1-α) is the fraction of oppositely charged ions acting as ion pairs, γ± is the corresponding mean activity coefficient of the free ions, κis the Debye parameter, e is the electronic charge, z is the ionic charge, 0  is the permittivity of vacuum,  is the dielectric constant of the solvent, and the other symbols have their usual meanings. The coefficients E, J1, and J2 that are necessary for calculations were taken from the literature. 41, 42 The estimated Λ0, KA and R for the studied API-IL in water and the aqueous glycine solutions were listed in Table 5 . The results showed that the increase in the concentration of glycine lead to decrease in the Λ0 values. This was indicative of the low mobility of the solvated ions by (COO − /NH3 + ) zwitterionic centers with large radii and increasing the viscosity of medium with the addition of glycine. Further, increase in the concentration of glycine, lead to decrease in the KA values API-IL. This was related to the strong interaction of ions with zwitterions and the reduced ion-pair formation in the concentrated solutions. The λ0 values of the cations were taken directly from Ref. 46 The distance parameter R that represents the maximum center-to-center distance between the ions or separated ion pairs in the solvent have no meaningful trend. [42] [43] [44] In order to eliminate the effect of viscosity on the ionic mobility, the Walden product is computed. Because of the dependency of the ions conductivity only to their mobility at infinite dilution, it is expected that the product of the viscosity of the solvent by the ion conductivity be independent of the solvent nature. 45 The large effective radius of the ions and high association of API-IL in glycine solutions maybe the because of lower Λ0η0 values. The Walden product (Λ0η0) of the [OMIm] [Sal] in the glycine solution is represented in Table 5 . The following equation is used to express the standard deviations of the experimental molar conductivities (Λ) and the calculated ones (Λcal): (24) in which n and p denote the number of experimental data and parameters, respectively. The calculated standard deviations of electrical conductivity using lcCM model is listed in Table 5 .
Diffusion coefficients Walden products of ions
Ionic limiting molar conductivity values of the individual ions can be determined using the following relation:
The ionic limiting molar conductivity of the  0  in water for [OMIm] + is taken from literature. 47 The limiting molar conductivity of the  0  (see in Table 5) The calculated values of s r for the ions are collected in Table 5 . By replacing Eq. (26) in Eq. (27) and its rearrangement, the following relation is resulted: The transport numbers of cation and anion are usually expressed by the symbols t+ and t-, respectively. The calculated values of t+ and t-. are given in Table 5 . Table 2 and illustrated in Figure 6 . As seen in Table 2 and Figure 6 , the RD values increased with an increase in the API-IL concentration. As the molecule structure is more complicated, the electron cloud become more distributed, and the polarizability of the molecule was intensified. 
